Iron deficiency and iron-deficiency anemia are common in the developing world. We evaluated the feasibility of iron fortification of domestic drinking water to prevent and control iron deficiency and iron-deficiency anemia. Twenty-one families representing 88 persons, including children, were selected to participate in this study. Twelve families added an iron solution plus ascorbic acid to their domestic drinking water over a four months period and nine families added a placebo. Blood samples were collected, before and after the four months, for hemoglobin and serum ferritin measurements. Iron-fortified drinking water increased hemoglobin (children 10.9 ±1.1 g/dl to 11.7 ± 1.1 g/dl p < .01, adults 12.9 ± 1.7 g/dl to 13.7 ± 1.7 g/dl p < .01) and ferritin (children 27.6 ± 21.6 ng/dl to 33.8 ± 22.1 ng/dl, adults 74.8 ± 41.3 ng/dl to 106.2 ± 93.9 ng/dl p < .05). No significant changes in hemoglobin and ferritin were found in the placebo group after 4 months. Preparation, distribution, and consumption of the solutions were successful. Iron fortification of household drinking water can be a simple and effective alternative to deal with iron deficiency and iron-deficiency anemia in less developed areas.
Introduction
Iron-deficiency anemia is estimated to effect two billion people worldwide. Its consequences justify various strategies and interventions to combat it, especially groups at risk, such as children six months to six years of age and women of reproductive age [1] . The functional consequences of iron-deficiency anemia are related to a reduction of hemoglobin and tissue iron, that affects the ability of a person to perform normal physical and mental activities. Studies in different countries have demonstrated impaired productivity as a result of iron deficiency [2] . Iron deficiency and iron-deficiency anemia can affect children's neural development and mental retardation [3, 4] . During pregnancy, iron-deficiency anemia is associated with an increased risk of maternal and fetal morbidity and mortality [5] . Iron deficiency in infancy and childhood is associated with a significant loss of cognitive abilities, apathy, inactivity, and decreased resistance to infections [5, 6] .
Fortification of widely consumed and centrally processed staple food with iron is considered to be the backbone of improving iron intake in industrialized and developing countries [7, 8] . The problem is often the choice of the most appropriate food vehicle as well as the iron compound to be used as a fortificant. These may vary from one country to another depending on the sociocultural, economic, and technological conditions. Several foods such as wheat flour, sugar, salt, and monosodium glutamate have been used as iron carriers but the success of iron fortification will depend on the one most suitable and acceptable to the target population. The problem with conventional iron fortification of foods such as wheat flour, sugar, and salt has also been the bioavailability of the added iron salts as well as the taste and discoloration of the food vehicle. In addition, an industrial technological infrastructure is required for the production of the iron-fortified foods and an available network is needed for their distribution. They are not always available in developing areas of the world.
Iron fortification in developing countries requires new innovative approaches adapted to their socioeconomic and cultural environment. They must be simple and sustainable. One such approach is the use of drinking water as a well-suited and appropriate vehicle to carry iron to the low socioeconomic population of Brazil [9, 10] . Drinking water has previously and successfully been fortified with iodine [11] and fluoride Domestic drinking water-an effective way to prevent anemia among low socioeconomic families in Brazil José Eduardo Dutra-de-Oliveira is affiliated with the University of São Paulo in São Paulo, Brazil. Carlos Alberto Nogueira de Almeida is affiliated with the University of Ribeirão Preto in Ribeirão Preto, Brazil.
José Eduardo Dutra-de-Oliveira and Carlos Alberto Nogueira de Almeida [5, 11] . Water is universally consumed. Safe and clean water is essential for drinking, cooking, and preparing infant formulas and weaning foods. Preliminary studies with the fortification of water with different iron compounds indicated that taste, color, and turbidity of water enriched with ferrous sulfate can be overcome for its use by preschool children. In previous studies in our laboratory rats that consumed iron-fortified drinking water did not become anemic. In this study ferrous sulfate was the most effective form of iron [9] . Clinical studies with institutionalized preschool children in a day care center showed that consumption of iron-fortified drinking water for eight months reduced drastically the prevalence of their anemia [10] .
The study was conducted to test the feasibility and logistics of iron fortification of drinking water at home to guarantee a daily iron intake for the whole family.
Materials and methods
The subjects were low socioeconomic families attending the Health Care Center of the University of São Paulo Medical School in Ribeirão Preto, an agricultural town located in the interior of the State of São Paulo, Brazil. Families with children between one and six years old and the adults living in the house were invited to participate in the study. Some of the children had borderline normal hemoglobin and ferritin levels. The adults were not anemic and their ferritin levels were higher than those of the children (table 1) . Twentyone families consisting of 88 members who agreed to participate in the study were randomly divided into two groups. A group of 12 families (44 members), the experimental group, received iron-fortified drinking water at their home. Another group of nine families (44 members), the placebo group, received their usual drinking water without iron. The experimental period lasted for four months. Written informed consent was obtained from the head of each family, and the Human Studies Committee of the University of São Paulo Medical School Health Center approved the project.
Each family had an earthen pot for storing about 10 L of drinking water. This is traditionally available in most homes in this area. A concentrated solution of ferrous iron (we used ferrous sulfate 7 hydrated) and ascorbic acid was prepared in our laboratories and dispensed in 10 ml bottles for daily use by the families. Bottled 10-ml placebo water solutions were prepared in the same way. The addition of a 10-ml bottle of the iron stock solution to the 10 L pot of drinking water of the experimental group was calculated to have a final concentration of 10 mg of elemental iron and 60 mg of ascorbic acid per liter of drinking water. This was kept for the four month study period. The control (placebo) group added the 10 ml water solution without iron to their drinking water in the same way for the same four month period. The families did not know which one was receiving iron and they were trained to add the bottled solutions to the drinking water pot every morning. Each week the families were provided a fresh stock of iron or iron-free solutions, sufficient to last for seven days. Samples from the domestic drinking pots were checked for their iron concentration and the amount of water consumed by both groups was recorded. A questionnaire was designed and used throughout the study to interview all members of the families about the use, consumption, reactions, side effects related to the drinking water. Hematological data were obtained through blood samples collected from all family members at the beginning and at the end of the fourmonth study. Hemoglobin was determined on fresh blood using the cyanomethemoglobin method. Serum samples were stored at -70°C and thawed for ferritin analysis using a ferritin radioimmunoassay kit (Ciba-Corning Diagnostic, Irvine, Calif., USA). Statistical analyses of the data were carried out using nonparametric rank tests.
Results
Eighty-nine percent of the placebo group and all those in the experimental group regularly added the respec- tive solutions to their household drinking water pots. Both groups found this activity to be simple and easy to manage. About 75% to 78% of the family members of both groups consumed water daily from the drinking pots. No significant difference was observed in the amount of water consumed by the same age members of both groups, before and after the introduction of the iron enrichment program. The families were similar with respect to their socioeconomic background and their dietary habits. Their diet was based on rice and beans as the staple foods and they occasionally used animal products, such as meat and poultry. Limited amounts of fruits and green leafy vegetables were included in their daily meals. The mean hemoglobin and serum ferritin levels of children and adults before and after the introduction of the iron-fortified drinking water or a placebo for a period of four months are shown in table 1. The adult mean hemoglobin levels were higher than those of children in both groups. The mean hemoglobin levels of the children and adults who received iron-fortified drinking water for four months increased significantly (p < .01) as compared to their baseline levels. The hemoglobin values of the placebo group were similar at the beginning and end of the study.
Serum ferritin levels in both groups were higher in adults than in children. The mean serum ferritin levels in children and adults increased in those who received the iron-fortified drinking water (p < .01) and stayed the same in the placebo group. The ferritin increase in the children in the iron-fortified water group was not significantly different, but the increase was statistically significant (p < .05) for adults. Both hemoglobin and ferritin levels in the placebo group stayed the same from the beginning to the end of the experiment.
Discussion
Water is an essential component of the human diet that is consumed daily by everyone, but it has not been well explored as a vehicle for mineral micronutrients. In Ribeirão Preto, where this study was carried out, water is treated and distributed by the City. It is a common practice in Southern Brazil to store drinking water in earthen pots. This offered us an opportunity to consider adding iron to household drinking water as a way to regularly supply this important micronutrient directly to low socioeconomic families. Using drinking water as an iron carrier is a simple, inexpensive, and practical way to reach all age groups [9, 10] . It is an easier carrier than other traditional carriers, such as wheat flour, sugar, and salt.
The initial difficulties in adding iron to drinking water were the solubility and stability of ferrous sulfate for a long period. After some time the solution increases its color and turbidity. This problem was solved by adding a solution of ascorbic acid and ferrous sulfate to the water each week. Ascorbic acid increases the absorption of iron and thereby its bioavailability [12] [13] [14] . Other water-soluble compounds such as iron EDTA or iron chelates can also be added to drinking water. They do not change the taste and color of the water but they are more expensive. We have had a positive experience with them as water fortificants.
Another aspect of this study was the development of a simpler mechanism to supply iron and ascorbic acid to the families in the community. Appropriate concentrated solutions with known amounts of ferrous sulfate and ascorbic acid were prepared in our laboratory and supplied in 10 ml glass bottles with caps, however, local pharmacies can easily prepare them. The solutions were delivered to the families weekly. The families added the 10 ml solution of iron and ascorbic acid to the 10 L of water in their earthen drinking water pots. The ironfortified water was acceptable to all members of the family, although it has a residual iron taste detected by some adolescents. Our results showed that domestic drinking water has a great potential as an effective and acceptable carrier of iron in developing countries. The industrial and technological infrastructure is not always available for fortifying other food products with iron. Hemoglobin enriched cookies [15] and iron fortification of wheat flour and other food products, although technologically feasible, have not been successful in many developing countries. They have no industrial infrastructure and no means of distributing the enriched product to those most in need.
The amount of iron chosen was 10 mg in the form of elemental iron plus 60 mg of ascorbic per liter of drinking water. This amount is half of that used in an earlier study [10] , but the previous study was carried out in 2 to 6 year old children who had a higher degree of anemia (58%).
Compliance by the families was monitored by weekly visits, which confirmed that fortifying the drinking water used by the household can control iron deficiency and iron-deficiency anemia. The effectiveness of the program is evidenced by the adherence, as determined by the questionnaire and by the improvement of hematological indices after the four months period (table 1) .
The findings of this study agree with those of a previous study [10] , where a group of 2 to 6 year old children had a higher percentage anemia and lower levels of ferritin. These children were followed for eight months and their hemoglobin and ferritin serum levels increased significantly. Fifty-eight percent of them were anemic initially (< 11.0 g/dl), decreasing to 3% at the end of the study. Their mean initial serum ferritin values (13.7 ± 8.9 µg/L) increased to 22.6 ± 11.8 µg/L in four months and to 25.6 ± 10.5 µg/L after the eight month intervention with iron-fortified drinking water.
We conclude that fortification or enrichment of household drinking water is feasible and can be adapted easily to reach low socioeconomic families at the community level. Iron fortification of water is a simple, inexpensive, and appropriate strategy for the prevention of iron-deficiency anemia in Brazil and other countries.
